Ten volunteers were given varying ratios of oxygen and nitrous oxide at4,6 and 8 litres per minute lIsing a Hudson mask delivery system. Maximum and minimum inspired oxygen concentrations, maximum inspired nitrous oxide concentrations and end tidal carbon dioxide concentrations were measured using the Datex Cardiocap CCJ-104 monitor. Although pharyngeal oxygen [raction varies with the Hudson mask because the inspiratory flow exceeds the entrainment of the mask by a variable amount during much of the cycle. at 8 Iitres/minUle/low with a ratio of 3 to 5. oxygen to nitrous oxide, safe levels of oxygen were delivered (range of means 26-31 %) with basal nitrous oxide levels (mean maximum inspired N20, 34%). When nitrous oxide sedation is used clinically, nitrous oxide must be used with consideration o/safe oxygen levels. This study did not detect unsafe pharyngeal oxygen levels in the ratios investigated. where the maximum delivered nitrous oxide concentration was 75%.
venturi devices like the Hudson, and therefore the oxygen levels are likely to be more variable.
In an effort to assess the range of concentrations of oxygen and nitrous oxide delivered using a Hudson 1041 medium concentration mask, maximum and minimum inspired oxygen concentrations, (FI02 max and FI02 min) maximum inspired nitrous oxide concentrations (FIN20 max) and end tidal carbon dioxide (ETc02) concentrations were measured in the oropharynx of nose breathing volunteers with varying ratios of nitrous oxide in oxygen at flow rates of 4, 6 and 8 litres per minute.
MATERIALS AND METHODS
The study was conducted on ten volunteers -all from the anaesthetic department and free from cardiopulmonary disease. Both male and female volunteers with ages from 20-43 years and a weight span from 55-84 kg volunteered for the study. The nasopharynx was prepared with Otrivin (0.1 % xylometazoline HCL) spray and lignocaine. To sample from the oropharynx, the multihole end of a shortened redivac drain was introduced nasally until visible I cm below the uvula. The volunteers breathed nasally for 10 minutes on oxygen through a Hudson face mask prior to recording readings. Continuous sampling made determination of equilibrium after each flow adjustment extremely simple.
The sampling tube was connected directly to a Datex Cardiocap CC I-I 04 monitor. This draws a continuous gas sample at 150 ml/min and has a response time rapid enough to complete breath-by-breath analysis. Carbon dioxide and nitrous oxide are measured by infrared absorption techniques, while the rapid response differential oxygen analyser utilises a paramagnetic principle. The machine was calibrated against a supplied calibration gas (C02 4.43±0.20%, 02 56.8±0.5%, N20 30.7±0.5%) and against room air (assumes C02 0.05%). The accuracy is quoted as within ±1 %. Room air calibration was made with the redivac drain tube connected. Supplied gas calibration was made through the non-holed portion of the redivac drain to exclude changes due to resistance. There was no calibration error when compared to the normal sampling tube.
The rotameters on the anaesthetic machine are known to have a minimal error of 5% indicated flow ±0.5% full scale.
RESULTS At each level of oxygen concentration delivered to the face mask, the received oxygen concentration in the oropharynx was, as expected, less than delivered. As expected there was wide variation in ETC02 concentrations between voluateers. However, there was no consistent ETc02 changes with variations in nitrous oxide concentration within volunteers. ETc02 percentages at 8 litres/min for each of the ten volunteers are shown in Table I . These values were constant within patients at 4 and 6 litres/min. The results are summarised graphically in Figures
-Inspired gas variations at 41itres/minute total gas flow. Closed circles = maximum fractional inspired oxygen concentration in the orpharynx (FI02 max). Closed squares = minimum fractional inspired oxygen concentration in the oropharynx (F l o 2 min). Open triangles = maximum fractional inspired nitrous oxide concentration in the oropharynx (FIN02 max).
1-3. Both oxygen and nitrous oxide vary in a linear relationship.
At all flow rates, as the proportion ofN20 in the inspired mixture increased, so too did the measured N20 concentration in the oropharynx. Unsafe oxygen levels were not detected with the flow ratios investigated. At 8 litres/min flow FI02 max is 0.3. (FI02 max 0.31, F,02 min 0.26) with oxygen to nitrous oxide ratios of 3 to 5. This ratio gives a FIN20 max of 0.34. Similar inspired N20 concentrations at lesser flows are achieved with a decreased F,02 max. At 6 litres/min Open triangles = FI~02 max.
with 02 to N20 ratios of 2 to 4, FI02 max is 0.27. At 4 litres/min with ratios of 1 to 3 Fr02 max is 0.23. A ratio of 1: 1 (02:N 20) at these flows was needed to raise Fr02 max above 0.3, the variation in oxygen levels at different flow rates with the same 02 to N20 ratios being dependent on entrainment of air by the mask. The 100% 02 value is a measure of the overall entrainment. The Fr02 min at 4 litres/ min of about 0.35 represents 65% nitrogen and 80% air entrainment; an entrainment ratio of 5: 1. This pattern is consistent with the other flows where total entrainment is less. The ratio is 4: 1 at 6 litres/min and 3: 1 at 8 litres/min. There is considerable variation in inspired gas results between subjects. This is accountable by patient/device interrelationships as pointed out by Leigh I. ETc02 variation between volunteers leads us to expect this. This is further compounded by errors in both the delivery system and gas analysis. This study did not detect unsafe oxygen levels, but at the higher levels of delivered N 20 there is little margin for safety.
The results for flows with oxygen alone compare favourably with established data. 23 The entrainment ratio decreases with increasing gas flow. In our volunteers ETco) remained remarkably constant with increasing nitrous oxide levels. The volunteers were not trained to control either their tidal volume or respiratory rates as patients are similarly untrained. Although we were unable to measure minimum inspired N20 levels we assume this gas follows similar trends to minimum inspired oxygen levels. Arthurs and Rosen 4 investigated entonox delivered by nasal prongs at 5 litres/min. They found basal end tidal N)O concentrations of 14.8% with maximum end tidal N)O concentrations of 45%. Lichtenthal et aP showed a mean end expired N20 concentration of 17% when 50% N ,0 was delivered through a Hudson mask (1007) at a flow rate of 7-8 litres/min. Nitrous oxide has been used in dentistry to produce sedation, analgesia and amnesia. By employing relatively low concentrations of nitrous oxide, patient cooperation can be maintained while suitable conditions are achieved. 6 Its widespread use diminishes the need for general anaesthesia and intravenous sedation techniques. Nitrous oxide given by nose-piece in increasing concentrations from 10% to a maximum of 50% achieves the desired effects. In most patients it is unnecessary to exceed 30%. The technique is claimed to be safe with quick recovery.' The circulatory and respiratory depression or stimulation produced by nitrous oxide is minimaleven in patients with underlying cardiopulmonary disease. Critically ill patients may not even tolerate these limited effects.
Parbrook" attempted to stratify the effects of increasing nitrous oxide concentrations in a manner analogous to Guedel's stages of ether anaesthesia. The wide individual response to nitrous oxide limits the clinical utility of such a correlation. Consequently, when used clinically with Hudson masks, N 2 0 must be titrated to effect with consideration of safe oxygen concentrations rather than N 2 0 levels.
It is common in the clinical practice of anaesthesia to utilize a F 1 0 2 of 0.3 with anaesthetic breathing systems. In our volunteers, at flows of 6 litreslmin, a rotameter dialled proportion of oxygen of 33% reduced maximum inspired oxygen levels to 27%. At 4 litreslmin 50% oxygen was necessary to maintain maximum inspired oxygen levels of 34%. At 8 l i t r e s l~i n flow, with a nitrous oxide to oxygen ratios of 5 to 3, safe levels of oxygen were delivered (range of means 26-3 1 %) with basal nitrous oxide levels (mean F 1 0 2 max 34%).
There is always the danger of aspiration in any sedated patient. The inhalation of 50% N 2 0 in O2 for five minutes did not depress laryngeal closures although a continuous inhalation of this mixture for thirty minutes did permit entry of radio opaque dye into the trachea of two of ten volunteers9. The danger is increased with narcotics and sedative drugs. These effects are all with controlled delivery systems. In this study a supplied N 2 0 concentration of 75% at 8 litrestmin only achieved a F I N 2 0 max of 0.4.
Extrapolation of these results in our volunteers to other populations cannot be consistent knowing the mask's variability of performance. Theatre pollution with N 2 0 , aspiration risk, and variability of mask performance will continue to make the technique unpopular.
If this technique of sedation is to be used, a plea must be made for either a more accurate delivery system or monitoring of the inspired concentrations of oxygen and nitrous oxide.
